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TURBULENCE MEASUREMENTS IN WATER*
Francois J. Reach
Department of Mechanical Engineering 
University of Toronto, Canada
ABSTRACT
Turbulence measurements in water have been undertaken using hot film 
anemometers In a circular conduit. Two different types of film probe were 
tested and the problem of drift of the calibration curves waa carefully 
studied. A heat transfer law was established for conical hot film probes.
Some turbulence measurements, made at the axis of the pipe, were 
compared with the corresponding measurements undertaken in air flow. The 
comparison led to the conclusion that turbulence measurements can be carried 
out in water with the same degree of accuracy as those carried out in 
dynamically similar air flow.
INTRODUCTION
For many years now electronic anemonetry methods have permitted precise 
measurements of the turbulent characteristics of air flews. Thus, it was 
logical to try to adapt this method also to the measurement of turbulence 
in liquids and, sure specifically, in water.
This paper deals with the behavior and the working of some typical hot 
film probes. Results of some turbulence measurements are presented which 
were carried out with these probes in a water flew. The measurements were 
executed in a circulating water loop especially designed and built for such 
a fundamental study in the "Institut de Mecanique Statistique de la Turbulence" 
at the University of Aix-Marseille, France.
CALIBRATION OF THE ANEMOMETER PROBES
Two types of quartz coated probes were studied in detail , wedge shaped 
probes and conically shaped probes.
Wedge Shaped Probes
Such film probes have their sensing element facing the flow - this 
has the consequence that deposition of suspended particles may occur if 
the water contains impurities. The resulting drift of calibration curves 
can be corrected in either of two ways, l.e.,
(1) Mechanically, by cleaning the probe with a fine 
brush, which will re-establish the initial curve; or
(2) Experimentally, by a proven technique which waa 
advanced by Richardson and McQuivey.
rnnicallv Shaped Probes
Because of its geometric shape this kind of probe has no tendency for 
deposition of foreign matter. With such probes, complete calibrations and 
determinations of sensitivity coefficients were carried out as functions of 
both velocity and temperature.
Heat Transfer Relationship for a Conical Hot-Film Probe
The relationship waa assumed to be of the form.
Nu - a + bPra + c Pr^ Re7 ...............................(1)
where Nu: Nusselt number, Pr: Prandlt number, Re: Reynolds number.
After a detailed study of the various characteristic curves of the
probe, and with the help of dimensional analysis, equation (1) could be 
formulated as follows:
Nu = A + c (Pr. Re)n = A + c Pen .........................(2)
where Pe: Peclet number.
With numerical values for the considered probe, equation (2) becomes 
0.265
Nu = -384 + 2557 V ................................(3)
which is valid for the velocity range 0.7 m/s < V < 3.5 m/s.
The velocity sensitivities calculated from equation (3) were found to be 
in good agreement with those deduced from the measured curves.
MEASUREMENTS OF TURBULENCE INTENSITY AND ENERGY SPECTRA 
These measurements were executed at the center of the cylindrical pipe 
at a station where the flow was fully developed.
Turbulence intensities obtained with the two types of probes are shown 
on diagram (1) on which are also plotted results obtained by other authors 
under the same dynamic conditions in air. The various results are seen to 
be in good agreement.
In the same way energy spectra were measured for several Reynolds 
numbers. In particular, a spectrum at Re = 50,000 is compared, in non- 
dimensional coordinates, with those obtained in a dynamically similar air 
flow (diagram 2). The agreement of theae measurements is also very gratifying.
CONCLUSION
Two types of hot film probes were Investigated in detail. In 
particular measurements of turbulence intensities and energy spectra under­
taken in a water flaw were compared with corresponding measurements done in 
a dynamically similar air flow and led to the conclusion that turbulence 













Pr Brandt 1 number
Re Reynolds number
>2 A—  *u /v relative turbulence intensities 
V naan velocity
This la a summary of the paper which waa presented at the "Sympoelia on 
Turbulence Measurements in Liquids'*, University of Missouri - Rolls.
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Figure 2. Comparison of Energy Spectra determined in Air and In Water.
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